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Abstract

We propose al.agrangian ice motion tracker to follow the tra-
jectory of ice particles at initialy fixed grid points in the winter
Arctic. From the displacement data, we can derive the area
changes associated withagrid cell which we define as the area
enclosed by straight line-segments connecting four grid points.
Any new area created during the time interval between SAR ob-
servations containsnew sea ice with an age uncertainty equiv-
alent to that of thetime interval. During the next time step,
the age of this ice is incremented by the size of the time step.
A decrease in area is accounted for by ridging the youngest ice.
An ice age histogram for accounting for the changes in area is
constructed from a series of ice mmotion observations. A scheme
for extended temporal observation of the sea ice cover is pro-
posed. This age distribution can be converted into ice thickness
if appropriate environmental conditions are available. We pro-
pose that this scheme be implemented in the sea ice geophysica
processor systetn for monitoring of icc age and thickness using
RADARSAT data

1. Introduction

The present 'R - 1 (geophysical Processor System (GPS) at the
Alaska SAR Facility generates two sea ice products: ice motion
[Nwok et al.,1990] and ice type [Wwok et al.,1992]. The GPS ice
motion tracker uses a combination of cross-correlation and fea-
ture tracking techniques for locating tiepoints in successive SAR
image data and has been quite successful in routinely produc-
ing a large number of products. The winter ice type classifier
categorizes each SAR pixel into one of four ice types: multi-
vearice (MY); first-year (FY) deformed; FY smooth; and, a low
backscatter type which is characteristics of smooth, younger ice
types and calin open water. To date, it has been demonstrated
that tire MY backscatter is remarkably stable throughout the
winter [Nwok et al..1994] and that fairly accurate observations
of tile wintet MY ice fraction [Fetterer et al.,1994] can be ob-
tained using a simple classification scheme as was implemented
inthe GPS. Boththese products are available from the ASF
data archive,

‘I he wide-swathSCANS AR mode of RADARSAT [Raneyet al.,
1991], to be launched in March 1995, will have the capability to
image the Arcticseaice cover every three days. The ASE science
planfot RADARSAT callsfor complete coverage of the Arctic

Ocean every 7 days. primarily using this mode. With the avail-
able spatial and temporal coverage from RADARSAT, we pro-
pose to produce basiu-scale fields of geophysical variables with
algorithms implemented in a RADARSAT Geophysical Proces-
sor System (RGPS). Here, we describe a procedure that provides
continual estimates of local ice age and thickness distribution of
thie Arctic sea ice cover.This procedure is based on our experi-
ence with the performance of the ice motion and ice classifier in
the present GPS.

2. Determination of Age Distribution

The procedure involves lLagrangian observation of ice motion
and the interpretation of area changes in cell areas defined by
the ice motion tiepoints. A more detailed description can be
found in [Nwok et al.. 1994).

Lagrangian frocking. Initialy, a regular array of points is defined
on the firstimage of a long time series. The ice features at
these points are identified and tracked in each of the subsequent
images thereby providing trajectories of eachof these points as
afunction of time.

Cell Area and Area Changes. The array of points in the initial
gt id congtitute the corners of an array of square cells, say, five
kilometers on a side. These initial square cells change area and
shape as the ice cover deforms. We construct the deforimed cells
using the trajectory data obtained from the Lagrangian tracker.
Any positive change in area indicates that ice in a new age class
was formed in that cell between the time of observation. I'bus,
theresolution of the age of this new age class is dependent on the
length of the interval between observations. Any negative area
change is assumed to be caused by ridging of the youngest ice in
that cell during that same time. Figure 1 shows the deformation
of aninitial square cell inatime sequence of five SAR nnages
spanning a period of 12 days. The interval betweenimages in
the sequence is three days.

Age Distribution from Tine Seque nces of Area Changes. The
ice in each cell ages as it progresses through time. If new area
is added, a new age category is created. For a negative area
chauge. area is subtracted fromthe youngest ice categories The
arca Of ice in each age class is updatedineach step of a time
series. In this manner, we keep track of the age distribution of
iceinthe thinend of the distribution. The example iu Section
3 illustrates the procedure.



Conversion to Iee Thickness. Given the ice age distribution
we can couvert the ice age to ice thickness with an adequate
description of environmental conditions. In the following ex-
anaple, we use a relationships between the thickness of young
seaice andthe cumulativenumber of freczitlg-degree days (a f-
ter Maykut, 1986). We used Lebedev's (1 1938) parameteriza-
tion. with A(thickness) = 1 33 F DDV, where FDD = freczing-
(l('gl‘(‘(‘ (la_\'b'.

3. An Example

W'e are assuming, in the following example, that the initial dis-
tibution contains only FY and MY in the cells. 1’able 1 shows
a rcecord of the parametersrecorded a each time step, The MY
ice arcais obtained using the GPSice type classification algo-
rithm. Theincreascin cel area, betweenDay 077 and Day 0S6,
due to the continual opening of a lead. is evident. The area
changes of the ccl] (inFig. 1) as afunction of time are plotted
in Figure 2. This cell had aninitial area of 2500 units, 1336 of
which were class ified. as multivear ice. Over the first time inter-
val (Dayv 077 to Day 0S0). the area increased to 3034, giving a
voungiceclass (which is between O and 3 days old) an area of
531 units. The remaining 116-1 units were assigned to the first-
veatice claw of undetermined age, The cell area increased to
3205 and 3317 during the second (Day 0S0 anti 0S3) and third
{ Day 083 and 086) time intervals, respectively, This new area
of 171 unitscreated during the secondtime interval replaces the
334 units as the voungest age group. Similarly, the 11’2 units
created during the third time interval replaces the 171 units as
hiaving the youngest age, The 534 units created during the first
time interval have becotne 3-6 days and 6-9 days old during the
second and t hirdtime inter vals, respectively, and represent an
aging of the ice. A closing event (betweenDay 086 and 0S9)
caused a decrease incell area from 3317 to 3235, or 82 units. At
this time step. the newest age class has zero area since no new
arcawascreated, and the next youngest class loses 82 units to
account for the lost cell area. 1265 units were classified as MY
ice.leaving 1235 units of old I'Y ice. Note that the area of MY
ice does not remain constant throughout the 12-day period, This
is due to tile high backscatter of the open lead, the signature
of which overlaps with that of the MY ice backscatter, leading
to anover estimation of MY ice. The time series MY area can
heused to determine the correct MY area within the cell area
assuming that the MY fraction is invariant within a cell, but
we willnot discuss this here. Figure 3show s the estimated ice
thicknessusing the simple parameterization discussed above.

4. Summary Remarks

Wehave provided a brief description of a procedure for moni-
toring the local age distribution of sea ice using a long sequence
of ice motion observations. The application of this procedure is
restricted to winter Arctic conditions because of the assumption
of 1ce growth m open leads. Inthe general scheme, we suggest
starting the process during fal freeze-u]) and coutinuing for the
whole seasonal cycle throughthe onsetof melt to obtain a record
of the age distribution for the Arctic ocean. At each time step,
we would determine theice age through a procedure which in-
cludesicemotiontracking, computation of area changes and the
update of the local ice age histogr ani. Regional scale statistics
ol iccage or thickness are estimated from the local observations.

Fhe RADARSAT SAR which will be launchied in January 1993,
will have the capability to image the tee cover every three days,
I'his scheme could be implemented in a new Geophysical }';‘o—
cessor System to provide Arctic-wide fields of motion and age
distributions.
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Popuictan

‘1T'able 1

Record of Parameters (Area changes, Age Distribution) from Tinw-sequence Analysis
(Example 1)

Record Time Mean Cell FDD Area* of Age Class|
(DAY :HH) Temnp, 7 Area, A “ 1 2 3 4 FY MY
1 077:22 -23 2500 - 1164 1336
2 080:22 -20 3034 65 534 598 1902
3 083:22 -20 3205 126 171 534 536 1964
4 086:22 -19 3317 166 112 171 534 1046 1454
5 089:22 -17 3235 229 0 30 171 534 1235 1265
“ 1 pixel = 100m >: 100m = 10000 m?= unit area
FDD = Cumulative freezing-degrec days
Figure 1. An image sequence showing the deformation of a grid cell. ‘I'he time interva

between theimagesis3 days. (SAR images: Copyright ESA 1993).
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Figure 2. Determination of ice age distribution within the grid cell in Fig. 1. Plot of area
changes as a function of time, and age histograms computed from the area changes. (1
pixel = 100m x 100m = 10000 m? = unit area)
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Figure 3. Determination of ice thickness distribution,. Plot of

the computed thickness of the ice.

the freezing-degree days and




